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One of t h e  i n d i s p e n s a b l e  p a r t s  of every  manned and 
unmanned space v e h i c l e  is a eource of e lec t r ic  power, which 
may be uaed f o r  communication, command and c o n t r o l ,  guidance,  
r a d a r ,  image a c q u i s i t i o n  and t r ansmiss ion ,  d a t a  handlinC: and 
s t o r a g e ,  l i f e  suppor t ,  e tc .  With f e w  excep t ions ,  space  power 
systems have inc luded  e l ec t rochemica l  energy s t o r a g e  devices 
o r  bat ter ies .  Because of t h e  v i t a l  importance o f  batteries 
t o  t h e  space program, NASA is supportine: a proErarn of  research, 
development, t e s t i n g ,  and e v a l u a t i o n  of batteries,  I n c l u d i n g  
bo th  conven t iona l  and novel  materials and concepts .  By i ts  
very  n a t u r e ,  t h i s  a c t i v i t y  is no t  h i s t o r i c a l l y  o r i e n t e d .  What 
f o l l o w s  is, t h e r e f o r e ,  the  product of s t r i c t l y  e x t r a c u r r i c u l a r  
research. The facts and even t s  t o  be related seem t o  have bu t  
a tenuous b e a r i n g  on the  space we. And y e t ,  these happenings 
foreshadowed what w a s  t o  f o l l o w  more than  85 y e a r s  la ter .  
On J u l y  19 ,  1870, France declared w a r  on P r u s s i a .  
E x a c t l y  two months l a t e r ,  P a r i s  was completely e n c i r c l e d  by 
German t roops .  And on January 28, 1871, the  armistice was 
s i p n e d  by which P a r i s  su r r ende red  and the w a r  was e s s e n t i a l l y  
ended. France  had been qulokly and d e c l a i v e l y  bea ten  on the 
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ground. I t  was undoubtedly o f  small comfort  t o  t he  French 
t h a t  they  had been completely v i c t o r i o u s  i n  t h e  air. During 
4-1/2 months of siege, P n r i s  had i n s t i t i i t e d  the  wor ld ' s  first 
a i r l i f t ,  di i r ine which 66 manned b a l l o o n s  carried more t h a n  
160 persons ,  400 pipeons,  6 dogs, as t ronomica l  and photographic  
eqiiipment, two cases of dynamite, and over  20,000 pounds of 
m a i l ,  e q n i v a l e n t  t o  2-3 m i l l i o n  card8 and l e t t e r s .  The complete 
h i s t o r y  of  ba l loon ing  dur ing  t h e  Franco-German w a r  i s  a f a s c l n a t -  
i n g  chapter of' t h e  h i s t o r y  of technology. It  I n c l u d e s  such 
f i rs ts  as V - m a l l ,  a l r l e t t e r e ,  a i r  m a i l  r e g u l a t i o n s ,  large-scale 
and o f f i c i a l  u s e  o f  microphotography (for t h e  V - m a i l  p igeon 
p o s t  i n t o  P a r i s ) ,  r e g u l a r  air  passenger  and ca rgo  service, and 
Krirpp a n t i - a i r c r a f t  cannons. 
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Seventy ba l loons  were mass-produced by p r i v a t e  
enterpr ises  I n  two temporar i ly  abandoned r a i lway  s t a t i o n s ,  
w h e r e  p i l o t s  a l s o  received t r a i n i n g  o f  s o r t s .  There were 
q u a l i f i c a t i o n  and acceptance  s p e c i f i c a t i o n s ,  a p e n a l t y  c l a u s e  
for l a t e  d e l i v e r y ,  and c o n t r a c t  r e n e g o t i a t i o n  then as now. 
The a i r l i f t  succeeded desp i t e  t h e  fac t  t h a t  there  had been no 
m i l i t a r y  p r e p a r a t i o n s  f o r  It be fo re  t h e  w a r  s tarted,  n o r  
Indeed u n t i l  mid-September. Only two ba l loons  were l o s t  a t  
sea, b u t  some o f  t h e  o t h e r s  were d r i v e n  I n t o  German-held 
t e r r i t o r y  and even deep i n s i d e  Germany proper ,  as might be 
expea ted .  
Throuph November 12, 1870, 28 manned b a l l o o n s  hed 
made d a y l i F h t  a s c e n t s .  Thoueh t h e  Germans had s h o t  a t  a 
number of these, they  had captured  on ly  the  "Daguerre* by 
f e w  remaining b a l l o o n i s t s  of P a r i s .  His thesis w a s  t h a t  t h e  
~ 
b a l l o o n s  cou ld  cl imb h igh  enouKh t o  be out  of German reach. 
H e  w a s  r i g h t ,  too', bu t  the  government d i d  n o t  b e l i e v e  him. 
Since a b a l l o o n  is carried by t h e  wind, b a l l o o n i s t s  
f l y i n u  a t  niRht  would f i n d  i t  v i r t u a l l y  imposs ib l e  t o  use 
t h e i r  unaided s e n s e s  t o  t e l l  them whether they  were r i f t ing  o r  
f a l l i n g .  That t h e  n i g h t  f l i R h t s  were equipped w i t h  l i g h t s  I 8  
known from contemporary sketches. 
d e s c r i p t i o n  o f  t h i s  appa ra tus ,  I found it  upon spending  two  
A f t e r  a long search f o r  a 
v a c a t i o n  days at Harvard's Houghton L i b r a r y ,  at  the s u g g e s t i o n  
of D r .  Melvin Kranzberg. In a c o l l e c t i o n  e n t i t l e d  "Journaux 
d e  P a r i s " ,  vo l .  4,  December 1-31, 1870, there is a br ief  
a r t i c l e  i n  "Le Rappel", No. 544, Thursday, December 8 ,  1870, 
paFe 2, column 3 :  
The Aeronauts '  Lamp 
"Before t h e  siege o f  P a r i s ,  no one bothered w i t h  
the problem of how t o  l i g h t  a ba l loon .  Aeronauts l e f t  by 
day and descended a t  n i g h t f a l l .  Today, s i n c e  good King 
W i l l i a m  ( soon  t o  be Emperor Wllhelm of Germany - EMC] condemn8 
t o  d e a t h  a l l  a i r  t r a v e l e r e  that  come down I n  the Prussian 
lines, one must break throup;h t h e  enol rc lement  around P a r i s  
a t  n i R h t .  
T 
- > - .  
"Hence t h e  a e r o n ~ ~ u t  must have a l i g h t .  But a flame, 
/ :  
* s u b j e c t  t o  t h e  c a p r i c i o u s  i n f l u e n c e  o f  the wind, would be 
t e r r i b l y  daneerous.  The  Aeronauts '  Lamp must t h u s  be p r e c i s e l y  
t h e  one tha t  p r o t e c t s  miners  from t h e i r  enemy f i redamp,  t h e  
lnmp t h a t  18 ope ra t ed  by an e lectr ic  spark.  
"On a shou lde r  s t r a p ,  t h e  ae ronau t  carries a pouch 
contclllning 3 ohdeate: b a t t e r y ,  Induc t ion  epool ,  and lamp. 
A l l  o f  t h i s  takes b a r e l y  more space than  a pouch. -- The 
Mt te ry  i s  the  potassium bichromate type  (z inc ,  carbon,  
potassium bichromate w i t h  s u l f u r i c  a c i d ) ;  i t s  s p e c i a l  con- 
s t r u c t i o n  i s  such  t h a t ,  carried i n  one p o s i t i o n  i t  does  n o t  
ope ra t e ,  w h i l e  c u r r e n t  l a  produced when the system is i n v e r t e d .  
"It i s  t h u s  used up in propor t ion  t o  t h e  r e q u i r e d  
output  only.  The b a t t e r y  is enclosed i n  a hard rubbe r  b o t t l e  
t h a t  I s  abgol i i te ly  impermeable. The spark  p e n e r a t o r  is a n  
ind i ic t ion  s p o o l ,  o f t e n  referred t o  by t h e  name Rumhkoff 
[ H e i n r i c h  Danie l  Ruhmkorff, 1803 Hannover - 1877 P a z i s  (EMC)]. 
The a p p a r a t u s  is reduced t o  the  smallest dimensions and 
f a s t e n e d  i n  t h e  pouch n e a r  t h e  b a t t e r y .  A swi t ch ,  thrown 
one way o r  the o t h e r ,  starts t h e  discharge o r  s t o p s  i t .  
"As f o r  t h e  lamp, i t  I s  based on a ve ry  i n t e r e s t i n g  
p r i n c i p l e  which combines several p h y s i c a l  obse rva t ione .  A 
spnrk produced i n  an evacuated  tube produces a feeble l i g h t ;  
h u t  l e t  u s  ImaRlne t h a t  t h i s  tube  becomes a t i R h t  and long  
s p l r e l ,  t u rned  around I t se l f  so as t o  form a s h o r t  c y l i n d e r ,  
t h e n  t h e  i l l u m i n a t i o n  w i l l  be q u i t e  b r l p h t .  If t he  glass l a  
phoaphoreacent ,  l e e . ,  I tself  capable  of Riv ing  off luminous 
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. e x c i t a t i o n  produced by the spa rk ,  the  l l K h t i n g  effect  will 
c 
h e  R r e a t l y  ampl i f ied .  
"The e lectr ic  spark can p a s s  only  i n  a tube  from 
which air  has been evacuated ;  t h u s ,  i f  a f racture  occurs ,  
the  a i r  r e - e n t e r 8  and t h e  e lectr ic  o u r r e n t  l a  i n t e r r u p t e d ,  
so t h a t  t h e  s p a r k  cannot pass t o  t h e  ba l loon .  
were f i l l e d  w i t h  flammable town gaa, so t h e  deviue was 
fail-eafe - EMC]. 
(Bal loon8 
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wThe ae ronau t  t hus  has at h i s  d i s p o a a l  a lamp 
t h a t  i s  powerful enough t o  p e r m i t  h i m  t o  read, t o  check 
h i s  equipment, t o  s t u d y  the sur rounding  atmosphere,  and 
t o  search f o r  t e r r a i n  s u i t a b l e  f o r  l a n d i n g o w  
A l t h o w h  t h i s  ar t ic le  d e s c r i b e s  the g e n e r a l  
m i n i a t u r i z e d  fail-safe system, t h e  de ta i l s  appear  t o  have 
varied. S p e c i f i c a l l y ,  t he  ba l loon  "La V i l l e  dlOrlt?ansm 
most l i k e l y  carried a b a t t e r y  o f  Dan ie l1  cells. This  
b a l l o o n  started at  11:40 PM on November 24, 1870, and 
l anded  almost 15  hours  la ter  and 770 miles away i n  Norway. 
I t  s e t  the  long  d i s t a n c e  record  of  t he  a i r  l i f t  and t r a v e l l e d  
a t  t h e  remarkable ( b u t  n o t  r e c o r d )  average speed o f  a l m o s t  
50 mph. The  b a l l o o n  and i t s  equipment were donated t o  t he  
U n i v e r s i t y  of C h r i s t i a n i a ,  now Oslo, f o r  e x h i b i t i o n ,  t h e  
e n t r a n c e  fee he lng  f o r  t h e  b e n e f i t  of French  w a r  v i c t ims .  
In fac t ,  i t  w a s  8 s t u d y  o f  the details  of t h i s  f l i g h t  t h a t  
resul ted i n  my f i n d i n g  t h e  a r t i c l e  t h a t  is t r a n s l a t e d  above. 
Its b a t t e r y  d e s c r l p t i a n  f i t 8  t h e  PoqKendorff-Crenet ce l l  (1656).  
b i d  " 
The Norwegians, whose  sympathies  were overwhelmingly 
I 
on t h e  French s i d e ,  c a p i t a l i z e d  on t h i s  e x t r a o r d i n a r y  even t  % 
4 t o  e x p r e s s  t h e i r  p o l i t i c a l  fee l inKs .  Among many tokens  o f  
a f f e c t i o n  and methods f o r  he lp ing  the French,  they  co ined  a 
commemorative medal t h a t  was s t ruck  and s o l d  a t  a b e n e f i t  I 
I bazaa r  i n  Oslo l a te  I n  January 1871. The bronze metal was 
derived from " p a r t s  of  the bal loon",  a p u z z l i n g  s t a t emen t  I 
exp la ined  i n  an' ar t ic le  i n  "Dagbladet" f o r  January  23, 1871: 
"There i s  a large crowd around a great press, 
where 5 o r  6 men I n  smocks are hard  at work. What Is i t? 
We read a a l p  t ha t  Roldsmith Thostrup is min t ing  bronze I 
medals f rom t h e  copper and z i n c  p l a t e s  I n  t h e  e lec t r ica l  
b a t t e r y  t h a t  w a s  on the ba l loon  " V i l l e  d ' o r l e a n s "  that  l anded  
on L i f j e l d  [ t ha t  l a  where the  two b a l l o o n i s t s  jumped o u t ;  
I 
t h e  b a l l o o n  landed more  than 60 m i l e s  farther n o r t h e a s t  - EMC). 
The ae ronan t s  carried i t  so t h a t  they might qu ick ly  t r a n s m i t  
news from P a r i s  t o  the government d e l e g a t i o n  at Tours ,  shou ld  
they  l a n d  n e a r  a telegraph l i n e  [ t h i s  i s  pure  f a n t a s y ,  o f  
cour se  - EMC]. The s m a l l ,  p r e t t y  b a l l o o n  medals are q u i c k l y  
stnick and n a t u r a l l y  f i n d  many buyers .  Those who want the 
medal g o l d - p l a t e d  can have i t  done on t h e  s p o t ;  an e lectr ic  
b a t t e r y  i s  i n  u s e ;  It  can be n o t i c e d  i n  t h e  a i r  even b e f o r e  
one pushes t o  the f o r e  t o  see how g a l v a n o p l a s t l c  g o l d  
f l n i s h i n ~  I s  done." 
Thus, there are i n d i c a t l o n s  t h a t  at least two 
d i f f e r e n t  b a t t e r i e s  were flown i n  1870, a p p a r e n t l y  the  first 
t i m e  a u x i l i a r y  electric power wae a i r b o r n e .  
- The portable e l e c t r i c  mlnerg' . safety  l i g h t  must 
b 
I have heen in use  for  only a short  t i m e  and then been completely 
I 
I forgotten. The earliest recorded use  of  portable e lectric  
mine liRhts is around 1900. Y e t  there can be no doubt that 
this "multiple renerve" battery ,  connected t o  an e a r l y  
f luoreecent  l i g h t  t h r o q h  a apark c o i l ,  preceded the  
battery-pawered filament l ight  by about a generation.  
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